To examine the reliability of quantitative positron emission tomography studies in the rat (Rat-PET), we assessed the influence of radioactivity accumulated in the Harderian glands on PET CMR g lc determination, We measured CMR g k by PET and ex vivo dissection methods by using 2-[1 8 Flfluoro-2-deoxY-D-glucQse in rats with and without focal brain isch emia, The CMR g lc values obtained by PET, after correcting with recovery coefficients, were higher than those measured Abbreviations used: IsF_FDG, 2-esFlfluoro-2-deoxY-D-glucose; MCA, middle cerebral artery; PET, positron emission tomography; ROI, region of interest.
Positron emission tomography (PET) is more advan tageous than in vitro or ex vivo studies because it enables noninvasive and repetitive determinations of regional biochemical processes in the same animal. On the other hand, the coarse spatial resolution of conventional PET scanners has hampered quantitative detenninations in small animals. Recently, the development of high resolution PET scanners (Litton et aI., 1990; Wienhard et aI., 1994) is making it feasible to apply PET to studies in rats (Rat-PET).
Rats have been widely used to examine the patho physiology of brain ischemia by detennining cerebral blood flow and metabolism with an ex vivo autoradio graphic technique (Nedergaard et aI., 1988; Kita et aI., 1995) because several reproducible models have been established (Koizumi et aI., 1986; Ginsberg and Busto, by the ex vivo method at rostral slices, and reduction of the CMR g lc in the ischemic brain was not demonstrated by PET in the frontal cortex, The radioactivity accumulated in the Hard erian glands prevents the quantitative determination of CMR g lc using Rat-PET Key Words: Rat-Positron emission tomog raphy (PET)-Cerebral metabolic rate of glucose (CMR g lc) Focal brain ischemia-Harderian gland, 1989; Zea Longa et aI., 1989; Buchan et aI., 1992) . It may be useful to apply the PET technique for studying cerebral circulation and metabolism to these models. Several authors have studied quantitative PET deter mination of CBP or CMR g 1c in rats (Brownell et aI., 1991; Ingvar et aI., 1991; Magata et aI., 1995; Ouchi et aI., 1996) . These authors compared CBP or CMR g lc val ues or both as detennined by PET with those found using ex vivo methods reported by others (Nedergaard et aI., 1988; Orzi et aI., 1988; Sokoloff et aI., 1977) and dis cussed the possibility of quantitative PET determina tions. The actual CBP or CMR g I c values obtained by PET vary, however, from study to study. These variations are often attributed to the different anesthetic conditions used. Thus, it remains unclear whether quantitative PET data are accurate in rats. Purthennore, we have found an extracranial accumulation of 2-e s p]fluoro-2-deoxY-D glucose ctSp-PDG)-derived radioactivity and indicated that this extracranial radioactivity may impair CMR g I c detenninations by PET (Kuge et aI., in press ).
In the present study, we detennined CMR g I c by PET and conventional ex vivo techniques in the same rats and compared the values to examine the reliability of quan titative Rat-PET studies. We particularly assessed the
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Il7 influence of the extracranial radioactivity on PET CMR g 1c measurements.
MATERIALS AND METHODS
We used male Sprague-Dawley rats weighing 273 to 335 g.
All procedures were performed in accordance with institutional guidelines.
Animal studies
Rats assigned to middle cerebral artery (MCA) occlusion were anesthetized with 400 mg/kg body weight i.p. chloral hydrate. Right MCA was occluded using a method described previously (Minematsu et aI., 1992; Kuge et aI., 1995) . The rats were permitted to recover from the anesthesia, and their neu rological deficits were confirmed.
The PET studies were performed with a multi slice PET (ECAT EXACT HRl47, Siemens/CTI, Knoxville, TN, U.S.A.) (Wienhard et aI., 1994) , which provided 47 tomographic im ages at 3.1-mm intervals per frame. The resolution at the center was 3.7 mm in-plane at full width at half maximum and 4.1 mm axially.
Before imaging, MCA-occluded (273-335 g, n = 8) and normal (285-307 g, n = 6) rats were prepared by venous and arterial catheterization under chloral hydrate anesthesia. Each rat was placed in the prone position, and the head was re strained by tooth and ear bars. The brain's position was stan dardized with the aid of laser beams. Anesthesia was main tained with 0.5 to 2.0% halothane.
To each n�t 1 8 F_FDG (18 to 48 MBq/kg body weight) syn thesized by a standard procedure (Shiue et aI., 1982) was ad ministered via the venous catheter. In MCA-occluded rats, the average period from the MCA occlusion to the injection of '8 F-FDG was 4.4 h (range, 2.5-5.7 h). Dynamic PET scanning (I min x 5 frames, 5 min x 1 frame, 10 min x 2 frames, and 15 min x I frame) was initiated at the time of ' 8 F-FDG injection.
Arterial blood «50 ILl) was sampled intermittently, and plasma radioactivity and glucose concentration were deter mined.
Immediately after completion of the PET scanning, the rats were killed by an excess dose of i.v. pentobarbital and the brains dissected out and sectioned into eight blocks correspond ing to the regions of interest (ROIs) on the PET images (see below). The radioactivity in the brain slices was measured with a well-type scintillation counter.
After the brains had been removed, a carcass of a normal rat was put back in the PET scanner, and scanning (20 min) was again performed. A PET scanning (30 min) was also done with another normal rat carcass whose brain, right eyeball, and right Harderian gland were removed.
Calculations
The PET images were reconstructed according to a standard filtered back-projection procedure using a Ramp filter. Semiel liptical ROIs were placed on the left hemispheres of the four coronal brain slices at the levels of the frontal cortex (56 mm3), caudoputamen (127 mm3), hippocampus (170 mm3), and sub stantia nigra (188 mm3). The mirror image of each ROI was placed on the corresponding right hemisphere (Fig. 2) . For the calculation of CMR g lc, the radioactivity obtained 30 to 45 min postinjection was corrected for the recovery with recovery co efficients.
Recovery coefficients were determined using e S Flfluoride solution in five cylindrical phantoms of diameters from 3 to 23 mm. Circular ROls with the diameters as large as the phantoms were placed on a transverse image. PET radioactivity in each brain ROI was corrected by dividing it with the recovery co efficient corresponding to each ROJ volume.
The CMR g J c values were calculated according to the auto radiographic method (Sokoloff et aI., 1977) in both PET and ex vivo experiments, adapting the values of 0.16 ml g-I min-I, 0.32, and 0.1 min-I for kl, k2, and k3, respectively, and the value of 0.60 for the lumped constant (Magata et aI., 1995) .
A paired t test was used to assess the significance of differ ences between the CMR g J c values obtained by PET and those obtained by the ex vivo method, and an unpaired t test was used for comparison of ratios of CMR g ,c between the normal and ischemic brains. A two-tailed probability value <0.05 was con sidered significant.
RESULTS
Accumulations of radioactivity were detected in the brain and regions just anterior to the brain (Fig. 1A and  B ). The extracranial tissue with marked radioactivity was judged to be the Harderian glands because the radioac tivity was markedly reduced in a carcass whose right Harderian gland was removed (Fig. 1C ). As shown in Fig. 2 , radioactivity was lower in the lesioned (right) than in the normal (left) hemisphere of the MCA occluded rat.
Although good correlations (R2 = 0.929-0.998) were observed between the PET and ex vivo radioactivities in the normal and MCA-occluded brains, the PET radioactivity in each hemispheric ROI was consistently lower than that obtained by the ex vivo method. The slopes of the regression lines ranged from 0.40 to 0.59.
The corrected CMR g lc values obtained by PET were about twofold as high as those obtained by the ex vivo method at the level of the frontal cortex in both normal and MCA-occluded rats ( Table 1 ). The increments in PET -CMR g lc were 31 to 49% and 13 to 28 % of those by the ex vivo method at the levels of the caudoputamen and hippocampus, respectively, and the differences were sig nificant.
The ratio of CMR g lc in the lesioned to normal hemi sphere was determined ( Table 2 ). The ratio obtained by the ex vivo method was significantly lower in MCA occluded rats than in normal rats at every slice (p < 0.0 1). Using the PET method, the ratios were significantly lower than those in normal rats at the caudal three levels (p < 0.05) but not at the level of the frontal cortex.
DISCUSSION
When the target tissue is small or heterogeneous, quantitative PET studies suffer from the problems that result from the limited resolution of the scanners (Hoff man and Phelps, 1986) . The accumulation of radioactiv ity in the surrounding tissues makes it unfeasible to ob tain quantitative values with PET. We demonstrated that 18F-FDG-derived radioactivity highly accumulated in (A), in a carcass whose brain was removed (B), a carcass whose brain, right eyeball, and right Harderian gland were removed (C). the Harderian glands, located between the posterior part of the orbits and the frontal cortex (Fig. I) . Watanabe (1980) reported that in the mouse the Harderian glands have the highest radioactivity after administration of [ 14 C]glucose compared with other organs. Although sev eral authors (Brownell et aI., 199 1; Ingvar et aI.. 199 1; Magata et aI., 1995; Ouchi et aI.. 1996) have studied quantitative PET determination of CMR g lc in rats. none mentioned the influence of radioactivity accumulated in the Harderian glands on the CMR g lc measurements. We found the radioactivity measured by the PET method to be consistently lower than that obtained by the ex vivo method. suggesting that a recovery correction is necessary. Most of the corrected CMR g lc values were higher than those obtained by the ex vivo method (Table   1 ), suggesting the influence of the accumulated radioac tivity in the surrounding tissues on the PET-CMR g lc val ues. The discrepancies in CMR g 1c values between the PET and the ex vivo methods were larger at rostral levels than at caudal ones, indicating that the accumulated ra dioactivity in the Harderian glands disturbed the accu racy of PET values, mainly at the rostral levels. These differences may also be ascribed to the smaller ROI vol umes at the rostral levels than at the caudal levels. In the frontal cortex. even the reduction of CMR g 1 c in the isch emic brain was not demonstrated by PET (Table 2 ).
In conclusion. the influence of radioactivity accumu lated in the Harderian glands on CMR g lc determination could not be excluded even by using a high-resolution PET scanner. Quantitative PET determination of CMR g 1 c is unreliable in rats because of the extracranial radioac tivity and the limited resolution of scanners.
